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PURPOSE: The purposes of the tests conducted on the flight and trim controls
were:

1. To determine the behavior of the flight and trim control systems
under static proof loads and to observe deflections in the system
for proof of conformance to the rigidity requirements of U.S.A.F.
Spec. R1803-TB.

2. To perform operational tests of the flight and trim control
systems to check their conformance to friction requirements as set
forth in U.S.A.F. Spec. RltlS-B.

3. To observe the structural behavior, alignment, clearances, etc., of
the component parts of the control system while in operation under
load.

h. To establish the method and forces required to engage the surface
control locks, and to observe the uniformity of operation of the
complete control locking system. Also to observe the rigidity and
structural integrity of the system in general, wten a limit design
handle force of 50 lbs. was applied.

t SUALARY AND a. In general, all tests were conducted using the same test setups and
CONCLUSIONS: equipment a- used on the C-1198 flight and trim controls tests.

Ref. (c). Operational tasts of the aileron, rudder, elevator, and
elevator trim tab control systems were conducted by applying dead
weight to achieve the limit surface hinge moments and balancing
cockpit control loads in 20% increments up to fill test load. After
applying each balanced increment of load, the control was operated
using a spring scale to measure the additional force required to
move the control through neutral in both directions. This was done
to determine the system friction which was taken as the average
of the added force in both directions.

b. Operational tests of the electrically actuated aileron and rudder
trim tabs were conducted under load, applied to the tabs in 20%
increments, up to the proof load. Data on voltage and current
required by the actuator motor to operate the loaded tabs were taken
to determine the power input to the systems and operating times.

c. Proof tests of the entire control systems were performed by first
placing the control system under test in the most critical defleckd
position and then loading both the surfaces and the control units
by dead weight computed' from the geometry of the system to be in
balance. In this manner the entire system was most effectively
loaded under the full proof load. The contrAl unit was returned
to a fixed reference position at each loading position and the5 deflections of the surfaces determined. Proof tests of surface or
control stops, brake nedals and other detail portions of the system
were conducted by placing the control or surface in the required
attutide and applying dead weight loads to thet in 20% increments.

IA VC T
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d. Rigging loads were maintained as closely as practicable to the
values as specified in R107-024 "Rigging Specifications, XC-120."
Cable tension readings were recorded before and after each proof
and deflection test. Cable tensions were in general, near the high
end of the range of tolerance before test, and near the middle or
low end of the range after test. !-o cable tensions changed
sufficiently during test to require re-rig4ng to reasonably meet
minimum specification conditions.

e. The proof and operation tests of the flight and trim controls of the
XC-120 airplane, as reported herein, indicate that the control
systems are satisfactory from a strength, rigidity and operational
standpoint. The friction forces re puired to operate the nrimary
flight controls were, at the time of test, in excess of the allowance
set forth in U.S.A.F. Spec. R181+fl, "Flying Qualities of Piloted
Airplanes." These higher friction forces are due to the facts that:

1. The tests were conducted immediately after completion of
installation and rigging of the controls and prior to any
repeated operation which would "run in" the controls and reduce
the friction.

2. The subject airplane has an unusual configuration, emoloying a
dual set of controls ari using a larger number of pulleys and
fairleads than usually emopoyed in a conventional airplane. The
relatively large number of pulleys and f atrleads is necessary
because of the necessity of routing the cables through crew
nacelle, wings and booms to transmit thek necessary forces from
the pilot's and copilot'-s controls to tife surface.

A complete summary of the procedure for and results of each test is
given in the following Table I.

B,'..
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DESCRIPTION 1. During these tests (Dec. 19, 1949 to May 2, 1950) the airplane
OF SPECIMEN: was in the factory in a nearly completed state. Before testing

each system, the system was checked and certified correct by the
Fairchild Inspection Dept., as to installation, adjustment and
rigging tensions, in conformance with Ref. (d).

On this aircraft, ailerons, nrdders, elevator, elevator trim tab,
and the control locks are cable operated while the aileron and rudder
trim tabs are electrically actuated.

The primary control surfaces of this airplane are actuated by
duplicate control systems with interconnects provided at several
locations, between the pilot's and copilot's control systems. All
primary flight controls have an interconnection between the pilot
and copilot's system at the rear spar by means of cables and sectors,
and the automatic pilot is connected to the control system at this
point. The operation of the various control systems is as follows:

a. Ailerons - A wheel control on the control eolumn transmits
load through a chain and sprocket to cables, which in turn
transmit load to sectors at the rear spar. Cables from these
sectors carry the load to bellcranks and push-pull tubes that
operate the inboard and outboard ailerons. The pilot's system
is interconnected with that of the copilot at the rear spar and
at the control columns; in both cases the interconnection is by
cables (Fig. 1 and 2, Dwg. 107-.720111).

b. Rudders - The rudder controA system consists of conventional
peda• hangers which actuate a walking beam forward of the
pedals through a system of horns and links. (See Fig. 9 and 10
or Dwg. 107-720109). When rotated, the sector end of the
walking beam transmits load to a cable mhich in turn transmits
the load to a sector at the rear spar. This sector transmits
the load to another cable which carries it to a sector in the
tail cone where the load is transferred to the surface by a horn
and torque tube.

The pilot's and copilot's systems are interconnected by cables
at the rear spar and also in the stabilizer. There is no
interconnection at the copilot's and pilot's station.

c. Elevator - The control column is connected by a push-pull tube
to a sector whose plane is perpendicular to that of the control
columh. Fore and aft motion of the control column causes
rotation of the sector in the plane of the cable system. (See
Fig. 20 and 21 or Dwg. 107-720110) The sector transmits the
load to a cable which transmits the load to another sector at
the rear spar. Here another cable carries te load to a sector
in the tail cone which actuates a push-pull tube thereby -

transmitting the force to the elevator horn. . .NI
sc- 1(-I5 •-
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The pilot's and copilot's systems are interconnected at the
rear spar and also in the stabilizer by cables. In addition
the control columns are interconnected by a torque tube.

d. Elevator Trim Tab - This tab is manually operated from a control
unit on the cockpit pedestal. Lond iq carried by a cable
system to a drum and screw type actuator mounted in the
stabilizer and elevator and thence to the trim tab horn by a
push-pull rod (Fig. 30 and 35).

e. Aileron Trim Tab - This is an electrically actuated tab controlle
from a switch on the cockpit pedestal. The actuating motor is
in the right inboard aileron and operates the one tab, which
is on the right inboard aileron only, by a push pull tube
connected to the tab horn. See Figs. 30 and 31.

f. Rudder Trim Tab - There is an electrically actuated tab on each
rudder with the actuating motors mounted in the rudder forward
of the tab hinge line. The motor operates the tabs through a
push pull tube connected to the tab horn. The electrical
actuators are synchronized to each other being self-centering
on neutral. See Figs. 30 and 33.

g. Elevator Spring Tab - The elevator spring tab controls are
self contained system, installed and operating entirely in the

elevator. When the pilot operates the control column, the
spring and push pull rods of the system are actuated and cause
the tab surface to move, thus automatically assisting the
operation of the elevator surfaces. See MIgs. 36 and 37.

h. Control Lock System - The surface lock system is operated by
"a handle on the pilot's pedestal. Pulling on the handle imposes
"a torque on a pulley connected to the handle. This nulley
transmits the tor ue to a cable connected to a differential
pulley, which in turn transmits it to a set of pulleys at the
rear spar (See Figs. hl and h2) These pulleys transmit the
force to a set of take-off pulleys in each engine nacelle at the
rear spar, where the force is transmitted each to a differential
prlley at the stabilizer and out to the ailerons. The force
transmitted to the ailerons locks the ailerons by means of
locking cams located3 at the inboard aileron surface, while the
force transmitted to the stabilizer actuates a differential
pulley having two cans as intergral parts of the pulley. As
these two cams rotate toward closed position, they limit the
motion of elevator and rudder sectors and consequently the
motion of the reppective surfaces. This permits the engagement
of the "free motion soring tab lock cans" located at each end of
the elevator surface and at each rudder horn spring tab mechanisr
These "free motion lock cams" have retarded motion in relation t(
tne main lockin- cams w*ich actuate item, thereby permitting the
entrance of Lne free motion cams within their mating jaws.

•.•- ~~~~~~ ~ C 0,o -1. C=1_40tl r r"'l
-- " INi M 3 1 I %i.0. 1 go- DJ
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These Jaws are an inte,,ril part of th:. surf ice so th-it when the
"free motion" cams are nated thc surface i,; locked and no surface
loads can enter the s•stem to strain it.

Spring retraction safety mechanisms are ;Art of the control lock
system. These mechanisms are mounted in tandem close to the
nain locking cams at the extremeties of each system, and each
"free -otion lock can" is equipped with a torsion spring on the
huba. These retraction mechanisms hold all lock cams in open
position during flight, thereby, eliminating the possibility of
surfaces locking in flight. In addition they serve as an aid in
opening the cams during normal operation.

DISCUSSION 1. Aileron Control System (See Fig. 1 and 2)
OF TMSTS: Dumny ailerons (T78-713 and T78-714) were installed on both wings

in place of the regular ailerons. This was done because it would be
difficult to produce the necessary hinge moment with dead weight
loads without damaging the regular surfaces. The du•nqy ailerons,
made from steel channel, were easier to load and more convenient to
use. The aileron control system was tested in the following critical
conditions. (Photo 18160 and 18162).

a. Test A-i - Proof and Deflection of System.

This test was conducted to prove conformance with Spec. R1803-7B,
D3 (Ref. (a)) which requires that the deflection at any aileron
shall not exceed 10 when the system is loaded to 70% of limit
load (70% two pilot max. effort.) It also constituted a proof
test of the aileron control system under maximum flight airloads
in which the ailerons were fully deflected at 212 MPH, 1G load
factor, pack off, left aileron down about 12°, right aileron up
about 2h 0 . The maximum test loads applied to the ailerons
(P,. 16, Ref. (c)) were:

Surface L. Outboard L. Inboard R. Inboard R. Outbd.

Binge Moment 2880 in. lb. 5590 in.lb. 5980 in.lb. 3360 in.l
Direction of

Load Down Down Up Up

The above loads were zeacted by the followin- loads on the rim of
the dummy control wheels (equiv. diametfer as actual diameter.)

Pilot's wheel - 115 lbs. (single rim load)
CopiloL's wheel - 160 lus. (single rim load)

The ailerons wereý placed in the "left bank" attitude (corresnond-
ing to the acove loading) with the copilot wheel an-proximately
50 from the left !too to prevent the stio from tapinj any load.

The copilot wheel was returned to this same position at each
increment of load and the relative deflection )f each of the fou
surfaces and the rilot's wheel vms recorded. This data is niott

•- •,-?--on Firs. 3 and h re3pectively. 1JST.ICTtD~~I- .. ... zla•|%m k C1I;, U
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The s ystems mtet the requirements of Spec. R1803-7B, D3 in that
the maxinum deflection is less than 10 degrees at (0% of maximum
double oilot effort (9.75 - See Fig. 3).

The rigging loads before and -ifter test were as follows:

Cable Before Test After Test Rigging Spec

Pilot's fuselage 122 123 135 ÷ 10%
Copilot's fuselage 122 113 135 * 10%
Left Aileron cable 127 124 135 1 10%
Right Aileron cable 123 123 135 : 10%

b. Test A-2 - Test of Control 'Aheel Stops.

The object of this test was to deconstrate the ability of the
wheel stops to withstand 100% pilot effort on the control wheel.
The system was rigged to nermit the pilot's wheel to hit the stop
before the copilot's wheel touched the stop. This condition was
maintained throughout the test. 1O0g pilot effort (160# single
rim force) was aopl!.ed in increments, and angular deflection of
the pilot's wheel vns recorded. This data is plotted on Fig. 5.
No a:Žpreciable permanent set occurred after removal of load
(.lO° at 20% after 100%). The test limit load was supported
"without noticeable distortion of any part.

c. Test A-3 - Operation Test.

This was an operation test of the entire aileron system, with
all cables hooked up, for the purpose of determining friction
losses and observing the operation of the system under load. The
system was operated back and forth at increments of load up to
50% of double pilot effort. The cables had been rigged to the
rigging spec. requirements prior to the test. The max. single
rin load apolied to each control wheel simultaneously was 80 lbs
(See Photo 18158) The corresponding load on the aileron surfaceE
was as follows:

Surface L. 0utbbd. T. Inbd. R. Outbd. L. Inbd

Iiinn- Mlqnpnt- ("4) 11.99 2890) nfl

Direction of Load Down Down Up Up
At each load increment, which was ir. balance'throughout the

system, the force (friction) re::uired to move the controls back
and forth t.,rough tuqe neutral position was measured. These
friction forces, corrected! for friction losses in the test
loading fixtures, are olotted on Fi-g. 6. ('hote - the stabilizin
springs in the outer wings were disconnected.)

- ,
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The friction losses in the test loading fixtures are plotted
on Fig. 7. The friction of the three pulley cockpit loading
fixture was used directly, the friction of the cable over a
single pulley (90' wrap) was used after correcting for the numbe
of nulleys so used and the mechanical advantage of the system.
(The 90° wraps were used on the surface end of the system).

The friction was found to be from 10 to 1(.3 lbs. when the surfac
moved through neutral with corresponding loads of zero to 50%
doubb pilot effort. The comparable forces on the C-119B airplane
were 9.5 to 15.5 lbs. It -my be expected that the friction force
will decrease somewhat as the system is worn in.

d. Test A-h - Proof Test of a Partially Shot Out System.

This test was a proof load test of a nartially bvoken system to
prove conformance to the renuirements of Par. D-3a (2) of Spec.
R1803-7B which requires that, with one system inoperative, the
remaining system be canable of carrying 75% of the load normally
carried by the complete control system. This test also demonstra es
the ability of the control surface locks to withstand 150% max.
single rilot effort. V

The pilot's fuselage cables were disconnected and the control
surface locks were engaged. Since the control surface lock
system was not connected at the time of the test, itr was
necessary to manually engage these locks and secure them with
safety wire.

The max. loads applied (simultaneously) were:

Pilot's wheel 150# rim force (single force)
Copilot's wheel 80# rim force (single force)

The load was apolied in increments and following each increment
the angular deflections of both control wheels were recorded.
This data is plotted on Fig. 8. The deflection of both inboard
aileron surfaces was also checked at each increment as a means
of judging lock deflection. The maximum angular deflection
recorded was .30 at 100% load0

The deflection of the entire system (with pilot's fuselage cabled
disconnected) resulted in 82* rotation of the nilot's wheel and
612 rotation of the cooilot's wheel. This amounted to 55% and
41% respectively of the total available angular travel of the
control wheels. (IWOO available.)

L
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Tne permanent set recorded at 20% aftdr 100% was as follows:

Pilot's wheel 5' These sets represent only 3% of the

Copilot's wheel 5' total wheel travel in either direction.

Cable tensions before and after this test were as follorn:

Cable Before Test After Test Snec. Req'd

Pilot's Disconnected 135 + 10%
Copilot's 131 117 135 + 10%
Left Aileron 122 126 135 + 10%
Right Aileron 142 127 135 + 10%

2. Rudder Control System (See Figs. 9 and 10)

Prior to the tests on the rudder control system, the relationship
between rudder movement, spring tabs movement, and rudder hinge
moment was determined (3ee Fig. 12) This was done with the rudder
surface locks free and the rudder tail cone, quadrant locked. In
all tests, loads were apolied to the rudder and rudder pedals in the
manner shown on Photos 18051, 18052 and 18055.
a. Test R-1 - Operation Test.

This was an operation test of the entire rudder control system,
with all cables hooked up, for the ouroose of determining
friction losses and observing the operation of the system under
load. The system was operated back and forth at increments of
load up to 50% of double pilot effort. The cables had been
rigged to the rigging spec. requirements prior to test. Maximum
test loads were: (Pg. 29, Ref. (c))

1630 in. lb. moment avolied to the left on each rudder.
150 Tb. anplied forward on each right hand pedal.

At each load increment, which was in balance throughout the
system, the force (friction) reqliired to move the controls back
anl forth thro'igh the neutrdl nosition was m-'asured. These
frictio- forces, cerr'-.ctcd for friction 1losses In the test
loadin- fixtures are eleotted on Fig. 11.

Friction losses on the first C-119B airnlane at the time of firsl
tests were: 31# at. zero load and 4-# at 50"( double oilot effort.
Tthese values were redice4! somewhat by refinements made during
final cleanup so that t,,ne zero load friction on this airolane waE
reduced to 2h.5# several days after the first tests. Similar
reductions can orobably be made on the XC-120 rudder controls,
but it is oilobtful th;at the 15# 7-cecifijation linit can be met
on Pa loade,! s.9sten.

i-A- Q(
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b. Test A-2 - Proof and Deflection Test of System..

In this test the entire cable systemr v.a3 hooked up and rigged to
specification req.uirements. The object of the test was to
determine the deflection of the complete system at a surface
load which nroduced 70% of dou.nole pilot effort (h20d) annlied
eLually distributed at pilot's and cooilot's oedals. The max.
test loads were: (Pg. 29, Aef. (c))

2350 in. lb. moment apvlied to the left on each rudder.
210 lb. applied forward on each right hand pedal.

The rudder pedals ;were olaced in the fu.ll! orward length
adjustment, which was critical. The rudders were placed just
far enour- to the right of neutral under no load so that they
would not hit the left .hand stops under rnll load. The snring
tab controls were not blocked, therefore, the initial deflection
of the rudder reslulted frin thie qsrin- t-ib control arr.angement.
The copilot's ri.tht hand pedal was returned to a fixed oosition
at each increment of load and the deflection or the rudders and
the nilot's oedal-were measured. The nilot'q pedal deflection
relative to a fixed copilot's pedal was not large enough to be
accurately measured. T!he surface deflections, which are
indicative of deflection of tbe entire rudder control system,
are plotted on FiP. 13. Fig. 12 Is a plot determinin- that
portion of the ruoser deflection whlich rcsults from deflection
of tb.n snring tab controls. The rudder deflections, relative
to a fixed horn were 5.2° and 6.60 for the left and right hand
spring tab control systems resuectively in the position of
adjustment at the time of test. (Note - Specified correct
setting is 7" + 1°) These values must be subtracted from the
overall deflections at 70% limit load on Fig. 13 and result in
an average deflection of 9.M4 for the control system exclusive
of the spring tab controls.

Par. D-3 of Sn-ec. f1803-7B requires that the deflection at 70%
limit, load be no more than l0. The test value, therefore,

meets the scecification requirement.

The nermanent set at 20% load after aArI:lLng the full test load
was less tha.rn coul i be accurately ýAcasure'] and is, therefore,
not recor.jed on Fig. 13.

u\- OC~?-'
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The rigging loads before and after the test were as follows:

Cable iiefore Test After Test Rigging Spec.

Pilot'-s fuselage 95 85 85# + 10%
Copilot' s fuselage 39 85
Strvo. Intercon. 84h 90
L.P. Boom 98 95 "
R.ii. Boom 98 9h "
Stao. Intercon. 100 105 "

In gene-ral, the rigring lo-3s were slightly above the upoer
limit of the specified values orior to the test. Loss of rigginE
load in the loaded cables was slig4ht. The interconnecting cables,
which were not load2e in this tist, showed a slight gain in
tension after the test as coip-ared to before test. The rigging
tensions in the loaded cables waere sufficiently within the
snecificqtion vwlues as to justiry the deflection figures quoted
above.

c. Test R-3 - Ground Load Test of Surface Locks.
This was a test of the surface locks under ground loading. The

surface locks on one rudder were locked in olace and the upper
and lower surfaces loaded in 20% increments up to the following
maximum loads: (Pý. 219, Ref. (c))

2310 in. lb. moment to the upoer ridder.
12hO in. lo. moment to the lower rudder.

The resultin; surface deflections are plotted on Fig. 14 and
show normal elastic behavior and no oermanent set. The test
loads were sunoorted without noticeable distortion of any part.

d. Test A-h - Test of aiuIder Pedal Stop.

This was a test of a typical rudder pedal stop to demonstrate
its ability to sustain loads due to single pilot effort. The
test vdas conducted wit!h t!,? rirht pilot's pedal under load and
all u.edal and surface stops except that wYicb carries forward
load on the loaded nela] were backed out of contact. A load of
30•• forward (in 20% irenernnts) was annlied to the nedal while
in the forwarid lrnth ad ustment. Angular deflection of the
r•,dder on-&1 hanger, fronard deflection at the brake nedal nivot
and .jelertion of thý ralJoin.• ¾eam, an.! its sunoorts ".re
recorded. (See Photo 15052).

Fig. W5 - Shows the deflection of the forward control sector
(haTkin7 beam) and its support point under a tension load
applied at the rod attachmnent point I10l" and reacted at stop
"c-sint "A". T.uc hial gagies which reco:dec these Jeflections
were mounted on the fixed franes of th- nose section.

RESTRiCTED
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Fig. 16 - S-ows the forward def lection at the base of the
cedal. haner anA the equivalcnt average rotation of the hanger
in degrees.

The pedal 9,9en.. , in to and including thp stop structure,

s1u1uorted limit load without noticeable nermanent dforrnation.

e. Test rt-5 - brake System Test (?hoto 1d055)

This was a test of the mechanical nortion of the pilot'.- brake
system (typical of copilot's) from the pedal through the master
control cylinders, to determine the ability of the system to
sustain sin-le pilot linit loads of 3O)I applied to the top

tip of both pedals simultaneously and -t right angles to the
pedal pivot axes. The rudder pedals were locked in neutral and
placed in the tfull forvward length adjustrment which was critical.
One brake cylinder (a test unit) was filled with oil and the
ports sealed shut. The level of the oil was so set that the
cylinder would deflect 1 1/3" when the pedal was loaded, and come
to a solid stop on the head of oil at that point. The other
cylinder was left out of the system and replaced with a rigid
steel link. (It vas not desired to load the units which would
subsequently be used on the airnlane as the adequacy of the
"ýIarner units to sustain loads compatible with a 300# pedal force
had not been established at the time of test.)

Angular deflection of the brakc pedsls was read at 20' increments
of the 3P0 loads. ko'ir dial gages, s',nnorted on fixed structure
of the nose sect-ion, .ere made to bear at the loper ends of the
rudder Dedal hqn.-er si-Dnort irms, at rigrt angles to the axis of
rotation of the rudder pefal hanger-;. The deflection data is
plotted on Fius. 17 and 13 which also s!:ow that permanent
distortion after proof testing Yas of no.ligible magnitude. The
mechanic.l portion --f the brake system an'I its soports, sustaint
limit loads without distress.

f- Test .x-6 - Proof Test of a Partially Shot OAi System.

This t=st was a proof load test of a oartially broken systen to
orove conformance to the requirements of Par. D-3a (2) of Spec.
1303-Y3 which requires that, with one system inoperative, the
remaining system be capable of carry!ing 5%% of the load normally
carried by the com pite control system. The maximum loads
applied were$ ?,¾-. 29, Itef. (c)).

3360 in. 1. moment applied to the left on the right rudder.
16d30 in. 1,. mor.,nt api)lie'i to the left on the left rudder.
300 lb. an);lied forwarl on the copilot,'s right pedal.
150 lb. ap:,lied forx-ard on the pilot's right pedal.

T-.[,- ZC C
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The rudder nelals were -,laced in the forwar8 length adjustmont
and the etiles in the right hand boom were disconnected. All
load from the right rudder w,.-, therefore, carried through the
stabilizer interconnect where it 'iojne-i with left rudder loads
to be carried throu'gh the left boom cables into the crew nacelle.
The servo interco-nnect then carried 2/3 of the load, or single
nilot effort, into the cooilot's fuselage cables.

The r9iderg were de.lected lit to the right orior to londing and
a corresnonding fixed position noted for the copilot's left
pedal. This position of the pedal was maintained throughout Tohe
test, while the angular deflectiops nf the rudders and the other
medals were read at ?ON increments of load. Deflections o" the
rudders are plotted on Fi'. l). Peflections of the three oedals
(other than the fixed conilot's left nedal) at full test load
were:

Cooilot right - 2° forward
Pilot right- 3 ' aft
Pilot left- 30 forward.

'the deflection of the entire control system at full proof load,

*1 exclusive of thp deflection resulting from the spring tab control
was equivalent to 120 at the left rudder and 13.70 at the right
rudder. The entire system sustained the proof load without
noticeable distress. Pcrrnnent sets averaged only O.2* of rudder
deflection and are, therefore, not noted on Fig. 19.

3. Elevator Control System (See Fig. 20 and 21)

Prior to conducting these tests, the relationship :etween surface
movement, suring t-ib movement, and elevator nin.:e momont was
established (See Vig. 22) This nas !one with the elevator locks
free and the elevator boon cone .uadrant lo1ked. In all tests, loads
were arioliei to the olevitor and the control columns in the manner
shown on Photos 1.30)5 and i 30147.

a. Test -1 - Proof -in, `)el]ection Test of System.

In this test, the entire c-4ble system -as hooker up and rigged
to rigiing snec. requiirements. The purnose of thi test was tO
determine the deflection characteristics of the complete system
at a lioii on the suirfuce which nroduce,' 70% of double pilot
effort (h20#) anolied equally to the two wheels. Loads apulied
were:

6560 ii. 1>. -o'-nt on elev:jtor surf;'ee ar2n!ied downwar'J with
the elevator in neutral trail prior to loaning (to balance
control column load.

2109 .tft to eacn, control colurz..

FRc- -
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The coil~ot's colaMn w,,as hold in Pix:ed nosition throughout the
test and the- an, lar rotation off the elevator -and pilot's column
read at 20% load increments. The pilot's column deflection
relative to the fixed copilot's column was not large enough to be
measurabile. T.e 3urface deflection, which is in-icative of
deflection throughout the control system is plotted on Fig. 23.
Fig. 22 evaluates that portion of the surface deflection which
results from deflection of the rnring tab controls. The maximum
elevator deflection relative to a fixed horn oroved to be 10%.
This value is subtracted from the overall deflection at 6560 in.
lb. load on Fig. 23 and results in a deflection of ll.0 in the
3ýrsteni exclusive of the snring tab.

Par. Lý-3 of Spec. hl-103-7B ren-ires that the deflection at 70%
limit lo:ýd be not more than 10i. The test valu]e, therefore,
slig;htly exceeds the specification limit. Permanent set in terms
of elevator deflection whas 1.5', indicating some nermanent
elongation in the cable system. The rigging loads before and
after the test were as follows:

Cable before Test After Test _igging Spec.
Pilot fuselage Ill - 90 IOO# + 10%
.onilot fi,7elage 110 85 I00# T 10%
Servo Intircon 98 96 85# ; 10%
L.H. Boom 96 96 85# 7 10%
1W. H. Boom 82 85 85# 10%
Stab. Intercon. 104 99 85# 10%

All cables were ri :jcd on the hi-n side at the time of test but
the rigging tensions dro:Ž•ed, partic'ularly in the fuselage cable ,
ar a result of' loading.

Fig. 2h is a plot of the bcndfn ý deflection at the top of the
control eoltrmn relative to a fixed base at the pivot.

b. Test 1-2 - Operation Test.

In tbii test, the control s:stem wa- e0 erate. hack and forth
throuAh neutrail at zero lo-d and in inorementq of load! up to
50% of doubb oilot effort anplied in balance to the control
column (aft) andi the elevator (down). L.ax. loals applied were:

h670 in. lb. moment antrlied to thf elevator (to balance control
column load.)

15-1;d anslied aft on each control columnn.

At each increment of loa,! which was in balance throughout the
Ssystem, the force (Criction) re,'azired to move the controls back

an6 forth thro-i.- the ý'eutral position ;.a t deornine`. 'lhese
friction forces are nlotted on FiL,. 26 and are corrected for
friction losses in the test loading fixtures. The latter are
olottel on Fig. Z5. The friction varies fron l.5# at no load

',•- ;,. S; h_> .......
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on the system, to 19.7.# at %50 of double pilot limit load.

Friction losses on the first 0--1193 production airplane were 12.3
lbs. at zero load and 16.-W at 50% double Pilot effort when first
tested. These values were somewhat reduced by final cleanup of
interferences after comnletion of the atirplane adl it is likely
that reductions can be made on the XC-120 also. However, it is
doubtful that the Md limit can be met.

c. 'rest E-3 - Proof Test of a Partially Shot Out Bystem

This was a proof test of a partially broken system to prove
conformance to thee r: -uiirenents of Par. 7-3a (2) of 6 peo.
:1W03-7B which rezjuires that, with one system inoperative, the
remaining syritem be capable of carrying 75% of the load normally
carried b-. the completu ccm"ntrol system. The maximum loads applie
Ln this test were: (Ps. 27, cf. (c))

7000 in. lb. -noment applicd downuanri on the elevator (to
balance lhad of control column.

300f ý.Ct acplied at Une conilot's column.
150# aft applied at the pilot's column.

Tihe conilot's fiselage cables and left hand boom cables were
disconnected so thnt all load was routed through the right hand
boom cables, fuselage, crossover and left hand fuselage cables
to the oilot's column. The tor--ue tube between the two columns
was made to carry tor ue due to single pilot effort.

Deflection in the entire control system in terms of elevator
d•eflection relative to a fixed co1ilot's column is plotted on
Fig. 27. The elevator was placed in the 2W0 un position at no
load. The deflection of the? entire control system at the
maximuLm test loa- was 200, exý-lusive of the leflection due to th
s;:rin ta>. The perr-iaent set was on>- 10. The rigging loads
before an-i afler the test were:

able '•efore Test After Test Rigging Spec.

"_ilot's fueelage lID 93 100# + 10%
Servo Intercon 91 69 85# 10%
h.F. 3ooM 95 813 8 10%
StaM.. Int:rcon. 90 93 8# ; 10%

T-e loai in the servo interconnect, •t:iel was loaded for the
first time in this test, was the only one which drooped markedly

Torsional deflection of the connecting tube oetween the two
columns is olotted on Fig. 26, and ecpalled about 2 1/40 at
3001 1r)".

UT CI i
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d. Test r-h - Tt of' Control 1ao1umr Qo::.

This was a te:st of a tv:'Lca- control -olurn stop for ability
to sustain sim,,le ailot e'fort loads. The fnselazEe cables on the
.,ooilot 's side "were left .!isco-ect-edt : an;-i the columns moved aft
until the ston aLt the sector on the allot's Fide was contacted.
All other stors, "inrliding surface vta:', •wre backed off ouit
of conta.'t. A lo:ad of 2UQV, in incre'ntnc.ns, was an.'lied aft on
the co:,Jlot's column and reacted -n the stan. The resulting
deflections are )loi.te:I on t'ig. -9 w 1icLh shows the angular
rotation at the base of each column and the linear motion of the
cable immediately aft of the sector at the stop. The deflection
ueLetwn t"le base of tne jiloi's col.,1n1 av]. the sector, which
inclades the push-pull rod, uas only .3' of column motion at full
wilot effort.

4. Aileron Tri.i Tab (Oee figs. 3j and 31)

This t-a) is electrically] actuated,, an.' during this test it was
onerated under 20% incremental loan-'inns on to lOo% limit hinge moment
These loads were anolied by means of dead weight.

The 1,lirnose of this test wai to demonptr-ite t.h0 structural integrity
of the tri-n tab onerating mechanism and to determine the onerational
characteristics of its actuting uhit. The tab in question is the
outboard tab of the inbord right ha-" aileron. The desimn limit
hinge moment is 4d0"N (Ref. (c), P.,. 310) which was apolied on an
8 5/0" arm, measured whbern the tab was in neutral.

The aileron surface was locked in nentral by means of the control
lockin- :-ystem. WVithout any hinge moment, the trim tab surface was
operated to both et-tremes of travel. 1thile so doing, the current
and time re 2uired wac recorded. The recording amneter was used
throughout the test. Starting with the triP tah in newtral, the
hinge moment was anplied in 20% increments un to lOORroof load.
This load was actin- in a down direction simullting load on an
onaward -Ieflected trim tab. The deflection of Che surfface under the
ineremcntil load waas recorded.Allowances were made for the deflection
of tiUc aileron surface itself. The trim tab wan then actuated in an
upward dir-ction until motion was halted ry the cutoff switches.
The current and ti-e for this operation was recorded as ras the
deflection ciused ny the load in the fully deflected upward position.

Taoe -aximum current re -uired to onerate fron neutral to full up
increased fri' ].S in at 0 load to 1.32 at 100% oroof load. The
time viried from 7 seconds at 0 load to ý. seconds at 100% proof
load. The deflection or the fully deflected flan wag l.36' at 100%
proof load. (See Fiu. 32). The system operated in a satisfactory
ianner througphout the test an! no nermaniont set was recorded.

I- k S IBi
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5. Rudder Trim Tab (See Figs. 30 and 33)

Like the aileron trim tabs, this trim tab is electrically actuated.
During this test it was loaded, in 20% increments, to full limit
load by means of dead weight. The tab was operated against the load
at each increment.

The purpose of this test was to demonstrate the structural integrity
of the rudder trim tab operating mechanism and to determine the
operational characteristics of the actuating unit at loads from 0 to
100% proof load. The rudder trim tab is the upper tab located on
the rudder surface. There is one trim tab on each rudderl however,
only one (left hand) was loaded and operated during this test. Tae
right hand actuator was disconnected from the electric circuit. The
limit design hinge moment as specified by the Structures Section
(Pg. 308, Ref. (c)) is 527"#, which was applied in this test on a
7 3/h" arm, measured when the surface was neutral. With the rudder
control surface locked by use of the locking system, and with the
trim surface in neutral, the tab was deflected to-both extremes of
travel. Starting at neutral and with the hinge moment a*--lied in
20% increments from 0 to 100% proof load (the load operated to the
left with respect to the airplane) the trim tab was operated to t)ze
"right, to the full extreme of travel. The defleetion of the trim
tab with respect to the rudder was recorded both in neutral position
and the fully deflected position. The current and time to operate
frc.m neutral to fully deflected was recorded.

The current required to operate the surface from neutral to fully
deflected varied from 1.56 amps at 0 load to 1.85 at 100% proof
load. The time varied from 7.5 seconds to 9.9 seconds respectively.
The deflection of the rudder trim surface at 100% proof load was .9o
and .7" in the neutral and fully deflected positions respectively.
(See Fig. 3h) The rudder trim tab actuating system operated in a
satisfactory manner throughout the test. No permanent set of the
trim tab surface was produced.

6. ElevAtor Tab Controls (See Figs. 30, 35, 36, and 37)
a. Test T-l - Proof and Deflection Test of Elevator Spring Tab

Controls.

The nurpose of this test was to demonstrate the structural
integrity of the spring tab operating mechanism under limit load
of 724"# (Pg. 256, Ref. (c)) about the tab hin0,e line and to
measure the deflection of the tab control mechanism in terms of
deflection of the tab.

By locking the elevator control surface at the leading edge and
pulling on the elevator control horn by means of the elevator
control system, the s'nring cartridge was fully eytended and the
spring tab actuated to its full up position. The elevator
surface an' the elevator control horn were !Pl- in this fixed
position so tha there roild be '~ no moino h,1 ,r
cartridge except by deflection in the tab control linkage.

SSTiT C-IFLL
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Dead weight load was applied to the tab and its position
away from the no load position recorded. The deflection so
recorded is the accumulated deflection in the tab control system
between the elevator horns and the tab.

The tab deflection relati-:e to the elevator is plotted in Fig. 38
Maximum deflection At 100% limit load was 4.9°. 4fter several
operations of the tab at zero lond after 100% load, a second
reading At 20% load showed that no permanent set had occurred in
the system. No signs of distress were noted during the test.

b. Test T-2 - Proof Test of Elevator Trim Tab Control Forward Stop.

The purpose of this test was to demonstrate the structural
integrity of the trim tab control wheel, the wheel interconnecti
torque tube, and the wheel stop mechanism under a limit load of
75 lb. (Pg. 235, Ref. (C)) applied tangentially to the rim of
the copilot's elevator trim tab control wheel.

Load was applied with a spring scale in a nose down, tab up,
direction to a cotton strap wrapped around the copilot's tab
control wheel. This load was c:Arried through the interconnecting
shaft to the pilot's tab control wheel and was reacted at the
stop on the pilot's control wheel rim. The angular deflection
of the copilot wheel was recorded and is plotted in Fig. 39.
Maximum deflection at 100% limit load was 8.930 with no permanent
set recorded. Inqpection of the system revealed no failures or
other signs of distress.

c. Test T-3 - Friction and peration Test of Elevator Trim Tab
Control System.

The purpose of this test was to measure the operating forces of
and the efficiency of the elevator trim tab control system. It
was also desired to observe the entire tab control system when
operating under load for evidence of binding, yielding, sagging
cables, or other malfunct-'on due to deflection.,.. Limit load
anplied to the tab was 822 in. lbs. (Pg. 235, RWf. (c)).

The elevator trim tab was moved to the full up tab (nose down)
position and the tab control wheel then returned 1/2 turn in the
nose up position. Dead weight load was applied in increments
to the tab in a down direction to give the required hinge moment
The eopilot's tab control wheel was then moved, in a nose down
direction, by means of webbing and a spring scale. This test waf
repeated with the tab being moved through the tab neutral
position, moving up against the same loads used in the first tesa

). Since the operating forces were slightly h'igher with the tab
neutral, this Jata is presented in Fig. hO, which also shows
a -,ra-h of tleoretical frictionless operating force. The ratio
between the two curves is the total efficiency of the system.

--- • 8 Jv
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s Proof and Ohration Tests of Flight and Trim Controls

An inspection of the system after test disclosed no points of
failure or signs of distress.

7. Control Lock System

The purpose of this test was to determine the method and forces
required to engage the surface control locks. It was also the
purpose of this test to observe the structural integrity of the
system when a limit design handle force of 50 lbs. ws applied.

Prior to the test, the control lock system had been thoroughly
checked out and certified correct by the Inspection Dept. in
accordance with Ref. (d). The control rigging was checked by the
Tewt Laboratory and found to be within rigging specifications
except as noted.

System Cable Tension Cable Tension as
Rigging Spec. Measured at Start
. IN. B-6, Ref. (d). of Test (Lbso)

Pedestal 65# + 10# 65
Fuselage 65# + 10# 68
Fuse. Interconnect85# : 1O# 88
L. Fuse, to Boom if 98*

R. Fuse. to Boom 82
Left Wing 85

Right Wing 85
Left Boom 87
Right Boom 87
Left Rudder 70# * 10# 79

Right Rudder 75
Left Elevator " 80
Right Elevator "7

'While this tension was slightly above specification value
the tension was not altered.

The force required to engage the control locks was found to vary
from h2 to 43 lbs. The handle travels a total of 57° from the
unlocked to the locked position. The surface locks are fully locked
within the final degree of travel. Unlocking motion of the cam
commences within 5.5 to 6.25* unlocking travel of the operating
handle.

The system sustained the 50# proof handle load without permanent
distortion of any part.

i,• ~CTQCT D
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1aO47 - View 5howing M4ethod "Bed
to appl- a .4inge ore on tthe
Elevator or FElevator Trim frab Thr.,ough
a 'ihi~ffl Tree Att-3cý,a to the Tri
lab.



1805. -Setup View 01 aetnod UJsed to

Apply a aidle Load or, Both R~udders
Simultaneous"LY

SA



1~O2 -View of 16v1iCe Used tO

pAppl.y a Forward LtOad On the ude

pedal.. 11ose See'ti0fl If Ajtrplafleo

was renioved to permit trta~ pe o

lodn.



18055 - View of Loading Device
Attached to the Rudder Pedal for App-
licatIon of )Imulated Brakin ForcesSat the Tip of the Brake Pedal, Note
Dial Gages Used to Determine Struct-
ural Delfections.

4



18150 - View of Cockpit Loading
Fixture Used to Apply Simulated
Aileron Control W~heel Forces, Note
butnny Wheel and Q~uadront Which
Replaced Pilot's Wheal,



18160 - View. showinlg Installation of
DUmmy Ailerons on Lart Hiand Wing

vt ana1 method of applying a Down Load
on them,



18162 - Vi.ew showing D'UMMY AileronsInstalled on Right 1iana iWn~g andMeth~od of' Applying an Lyp Load on
Themn.



18164 - View of Setup Used to Det-
ermine the Friction of the Pulleys
in the Loading System Used During
Some of the Control Systems Tests.

'-...... N



18563 - View of Engine Control Ped-
estal Showing %-ntrol System Locking~

Handnle an ethod U~sed to Apply
Load to It. 1 RfRICTED
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